Abstract: A comparison of field performance of Acacia xanthophloea, Schinus molle, Casuarina equisetifolia and Gravellia robusta plant species was made in an exhausted limestone quarry, backfilled with limestone mine waste in a semi-arid area in Athi River, Kenya. The aim of the study was to determine if the tree species had an influence on the soil chemical properties. The soil had alkaline pH ranging from 8.0 to 8.98, low nitrogen content (< 0.03%), moderate phosphorus concentrations ranging from 44.15 ppm to 21.33 ppm and high to moderate exchangeable cations (Na, Ca, Mg and K). All the tree species exerted a positive influence on soil properties necessary for plant growth. The pH values and total phosphorus were relatively lower in soils close to the trees (0.5 m) and increased with distance from the trees, while the soil values for total nitrogen and exchangeable cations were relatively higher close to the trees. C. equisetifolia had the best growth performance and a higher positive influence on the soil chemical properties necessary for plant growth followed by A. xanthophloea. It was concluded that trees should remain a feature of quarry rehabilitation because of their role in maintaining the biophysical environment.
Introduction


Quarrying for limestone is an economic necessity that is not only hazardous to human but also one that invariably has deleterious effect on the environment. Quarrying is the essential first step in cement production process because limestone must be extracted from below the ground surface to provide the construction industry's raw material. However, what remains after the extraction is a large sterile quarry that in most cases does not support any life [1] .
In Kenya, the traditional opencast mining in Athi River, which is a semi-arid area near Nairobi, has cleared all vegetation and disrupted the ecosystem [2] [3] [4] .
The resultant impacts include alteration of landscape, uneven topography, loss of soil fertility, surface crusting and soil erosion [5] .
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The quarries have sharp drops and the area consists of few thorny acacia trees and is covered with huge waste dumps from mining operations.
Rehabilitation programmes have been tried in various parts of the world as a means of restoration of the land after mining so that its value is similar or greater than it was before the disturbance [6] . Although unassisted processes of natural colonization can deliver fully developed and functional ecosystems, they require very long times or may not be successful [7, 8] . For these reasons, restoration of mine wasteland often requires active human intervention to achieve rehabilitation within a reasonable timeframe.
Soil improvement is important in habitat restoration of mining and related disturbed lands. The reconstitution and management of a suitable soil layer to support vegetation in the long run is a crucial phase of landscape rehabilitation [4, 9] . The inadequacies in the soil components can frustrate revegetation attempts.
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Experimentation has been undertaken at mine sites around the world to attempt to elucidate and overcome limitations to vegetation establishment, allowing large-scale revegetation schemes to be formulated [10] . However, such schemes have often been successful at specific sites, and their widespread application is limited owing to the great variation in physical, chemical and biological factors which exist between mine wastes [11] . Information on the performance of trees species and its influence on the soil chemical properties over time is important as plants are key in the revegetation.
In this study, four tree species, Acacia xanthophleas, Casuarina equisetifolia, Schinus molle and Gravellia robusta were selected as having fast growth and able to reproduce under severe conditions [12] [13] [14] [15] .
Methodology
The study area is approximately 15 km 2 and situated in Athi river, Machakos County, Kenya, approximately 30 km south-east of Nairobi. It lies between latitude 1°26'46" S and 1°32'10" S and is bounded by the longitudes 36°58'24" E and 37°03'08" E, at an altitude of 1,500 metres above sea level. The soil is black cotton clay with a high content of sand [16] . The mean annual temperatures range between 18 °C to 26 °C with average annual rainfall of 450 to 900 mm. The area is characterized by low moisture content with a low to medium plant growth potential. The 'Athi Basin' is underlain by metamorphosed sequences of Pre-Cambrian gneisses, quartzites and surbodinate limestone. The formation of kunkur is a late phase in the weathering cycle associated with the concentration of carbonates in solution and its precipitation as nodules in clay [17] .
Field Experimental Designs
The exhausted quarry was filled with the mine waste material and leveled. Four rows, five metres apart were created in blocks A, B, C and in each row 20 holes measuring 40 cm * 40 cm * 40 cm each were dug, one metre apart as shown in Fig. 1 . All the 80 holes were filled with water to condition the surrounding soil before planting six-month old seedlings of each species in different rows using the RCBD (Randomised Complete Block Design).
The sequence of planting the four species in rows in each block was varied as illustrated in Fig. 2 . Block D, the control, was left unplanted. The trees were planted in an east-west direction to minimize the shading effect [18] , and watered twice weekly for the first 3 months and then twice a month for one year.
Soil Sampling
Soil samples were collected before planting the trees, and thereafter every six months after planting 
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Limestone Quarry at Athi River, Kenya 180 for a period of two years. Soil samples were collected using an auger, from depths of 0-15 cm, 15-30 cm and 30-45 cm horizons at distances of 0.5 m and 2.0 m from the planted tree row. The horizons represented part of the soils where most roots are present and most nutrients absorption occur [19] . Soil from the control was collected randomly in the same manner. The pH of soil suspension was done using a Jenway pH meter Model 3510. Exchangeable Na and K were determined by Flame Photometry model number BWB-XP. Atomic Absorption Spectrophotometer PG Instrument Limited, UK, model number PG-990 was used to determine the concentrations of exchangeable Ca and Mg. Soil phosphorus was measured by the method described by Olsen, S. R. and Sommers, L. E. [20] . Organic nitrogen was converted to ammonium ion by digestion with sulphuric acid followed by sodium hydroxide hydrolysis. The free ammonia was distilled off and nesslerised. A grating monochromator (Model, CE 2343D) was used to measure the colour intensity.
Results and Discussion
Chemical Composition and Fertility Status of the Material Used to Fill the Quarry
Soils chemical analysis and nutrient content for samples taken after backfilling the quarry and before planting are shown in Table 1 . It was observed that the soils in the study area have on average, alkaline pH values (8.99), low organic matter content (0.0474%), low total nitrogen (0.005%) and low soil moisture content (0.028%), but soil phosphorus was moderately present (44.15 ppm). The soils also have high to moderate exchangeable bases (Ca, Mg, K and Na), but low manganese and zinc concentrations. The soil values were compared to by the standard of tropical soils [21, 22] and show similar characteristics to calcareous soils [23] .
Tree Species Growth Rate
By the end of the observation period, C. equisetifolia gained significant (p < 0.001) maximum height (525.3 cm) followed by S. molle (305.8 cm), A. xanthophloea (267.2 cm) and G. robusta (231.7 cm). ANOVA (Analysis of Variance) for tree height revealed that a time-species interaction was significant (p < 0.001), indicating continuous tree growth for all the species. At the end of year 2, growth rates for tree height was significantly (p < 0.001) higher for C. equisetifolia (11.36 cm/month), followed by A. xanthophloea (6.73 cm/month), S. molle (1.41 cm/month) and G. robusta (1.35 cm/month) as shown in Fig. 3 .
Tree Species Influence on the Soil Chemical Properties
Chemical analysis carried out during the present The species-distance interaction was not significant but the pH values were relatively lower in soils close to the tree row (0.5 m) and increased with distance from the trees as illustrated in Fig. 4 .
Mean soil pH for all horizon, did not vary significantly between species but was lower in the upper horizon and again showed similar trends, under A. xanthophloea and C. quisetifolia which recorded lower pH values than pH values under G. robusta and S. molle as shown in Fig. 5 .
The relatively lower pH values recorded in the soils collected from under A. xanthophloea and C. equisetifolia, than under the other tree species suggests that the presence of trees may have had a moderate acidifying effect on soils close to the trees, which probably may have been attributable to the formation of organic acids and release of carbon dioxide due to litter decomposition. Since A. xanthophloea and C. equisetifolia are leguminous trees, they would predominantly accumulate more nutrients within their biomass than G. robusta and S. molle. This would probably result in better growth and hence an increase in soil organic matter. Greater nitrification rates and nitrate leaching have also been reported to contribute to reductions in soil pH, as both processes may cause acidification [24, 25] . The significant difference in soil pH under the various tree species examined may also indicate that the decomposition rate of their litter differs, as the addition of organic matter is known to reduce soil pH [22, 26] . The result obtained may suggest that the organic matter from A. xanthophloea is probably more easily decomposed than that from G. robusta and S. molle.
Soil Total Nitrogen
Soil total nitrogen values recorded were < 0.03% under all tree species by the end of the observation period. These were below the 0.2% threshold construed as adequate for tropical soils [27] , which demonstrated that soil fertility was low. A species effect on nitrogen was significant (p < 0.01), with the soils collected from under C. equisetifolia from 0-15 cm horizon and at 0.5 m from the tree row recording relatively the highest levels of total nitrogen (0.031%) as shown in Fig. 6 . This was followed by A. xanthophloea (0.028%). The nitrogen values were substantially lower under S. molle and G. robust (0.023% and 0.019%, respectively), and increased with distance from the trees as illustrated in Fig. 6 . No significant differences were detected between sampling depth or treatments, although the values of the upper layer (0-15 cm) were consistently higher than those of the lower 15-30 cm and 30-45 cm horizon as shown in Fig. 7 . The low levels of nitrogen recorded may reflect the demand for nitrogen to support the microbial activity involved in litter decomposition [28] . The addition of leaf litter increases soil organic content, which might have induced rapid proliferation of microbial populations [26] . The relatively higher values of nitrogen recorded for soils under A. xanthophloea and C. equisetifolia could be due to the fact that these tree species are leguminous and have nitrogen-fixing capability. Mycorrhizas and cluster roots may be important components in nitrogen acquisition, supplementing nitrogen fixation as well as enabling uptake of other nutrients, as well as water [29] . However, it appears that these processes had not yet significantly affected soil nitrogen status, probably due to the short period of this study. (31.80 ppm) and the values were relatively lower close to the tree row (0.5 m) and increased with distance from the trees as indicated in Fig. 8 .
These differences can be explained by the observed difference in soil pH between the species, since pH is known to influence the status and availability of soil phosphorus [30, 31] . The predominant mechanism for low phosphorus availability on calcareous soils is the surface adsorptive reactions of phosphate ions with carbonate mineral [32] . A second possibly subsequent mechanism for low phosphorus availability is the formation of insoluble CaPO 4 minerals [33] , a reaction favoured by high soil Ca concentrations [34] . Micorrhizal associations may increase phosphorus uptake in calcareous soils [35] .
Soil Exchangeable Cations
The effect of tree species on soil cation exchange capacity was examined. Relatively high concentrations of exchangeable calcium ranging from 22.17 to 70.17 me %, sodium ranging from 2.59 to 88.89 me % and magnesium from 3.42 to 8.43 me % were recorded. Potassium recorded average values ranging from 1.54 to 3.66 me % [21] . No significant differences between species or with distance were detected. However, at the end of the observation period, the soil concentration of all the exchangeable cations (Ca, Na, Mg and K) had decreased. As observed in Figs. 9 and 10, these values were lowest close to the tree row (0.5 m) and increased with distance. This indicates that uptake of these nutrients by root activity is most pronounced close to the tree species [35] . As it was also found in other studies, the exchangeable soil contents especially of calcium and magnesium decreased and exchangeable acidity increased with time and under cropping [36, 37] . In most soils, Ca and Mg are more susceptible to leaching than potassium [38] . Potassium is usually leached in much smaller quantities.
Conclusion
Although the mine waste used to backfill the quarry was of poor quality to support plant growth, the positive influence of all tree species on the soil chemical properties led to an increase in soil fertility. C. equisetofolia and A. xanthophloea showed the most significant improvements as evidenced from highest growth rates. There was a species-specific response from each tree type probably due to the different water-nutrient use strategies and growth rates. Trees should remain an essential feature of quarry rehabilitation in semi-arid environments due to their role in improving and maintaining the biophysical environment.
